Cactus pear, Opuntia ficus-indica (L.) Mill., was introduced to Northern Ethiopia by missionaries. Cactus culture in Tigray is expanding partly because of severe degradation of natural resources in the region Invasion in some areas of Southern Tigray was high to the extent that it have been considered a threat to farming. Little or no care is given to the plant. More than 60 cultivars of cactus have been identified so far.
INTRODUCTION
Tigray's, Northern Ethiopia, economic life is fully dependent on agricultural products, which is based on plough cultivation of predominantly cereal crops. The level of subsistence has declined radically during the past decades, with almost every thing produced being consumed at the farm level. The region still faces serious threats to the survival of human and livestock populations due to persistent droughts, which greatly affects its agricultural production. Part of the causes of this phenomenon can be found in the environmental degradation in the region.
The present status of the natural resource base is characterised by worsening climatic situation tending towards drier conditions. Landscapes are devoid of most of the original natural vegetation. Degradation of agricultural soils and a greatly reduced availability of water are a problem for rainfed agriculture. These deteriorating conditions include erosion of biological diversity.
The overall inevitable result has been the gradual but steady decline in soil productivity and serious changes in land marginalisation. About 12% of Tigray are marginal, stony, rocky and bare steep slopes. The fact that soils are degraded is forcing farmers to introduce the multi-purpose cactus pear cactus around sloppy fields and homesteads.
Opuntia ficus-indica (cactus pear or Beles) was introduced to Ethiopia somewhere between 1846 and 1887 by missionaries (Kibra, 1992) . Its cultivation has ever since been encouraged and due to ideal edaphic and climatic conditions, has flourished to become the most commonly cultivated and naturalised plant in Tigray. Cactus pear cultivations are predominantly found on marginal land. In Tigray alone, cactus pear covers an area of 355 242 ha, of which 30 352 ha are in the form of cultivations (SAERT, 1994) . About 52% of the cultivations consist of spineless varieties and 48% are spiny. The wildgrowing (naturalized) populations consist mainly of the spiny form. It would appear that the originally spineless plants have regressed back over the years to the spiny forms, which have now invaded large areas of the escarpment and the lowlands of southern Tigray (Zimmerman, 1997) . This shift from spineless to spiny forms is continuing. 
CACTUS HUSBANDRY IN TIGRAY
Land is not prepared for planting cactus pear cactus for it can grow everywhere with out any additional labour unless farmers wanted to plant it in rocky areas with little soil. In this case, they put a handful of straw or spadeful of manure above the rock and put the pad over it. (SAERT, 1994) . This facilitated root growth. Farmers usually plant cactus pear cactus on land, which presently cannot be used for other crops, due to its steep slope or stony soil.
There is no definite time of planting cactus and mostly it is a spare time activity, usually after farmers have harvested their grain crop. This coincides with either December or sometimes in April. They do not plant in rows except that farmers in the Eastern zone of Tigray leave a space of one to two meters to facilitate fruit and pad harvesting. Most often pads of one year old are used for planting. Cactus stems with two to three pads are also used when planting cactus as live fences around crop fields. Naturally grown cactus plantations are also distributed among community members in the eastern zone of Tigray and farmers harvest cactus fruits without any further care for their cactus with regard to physical damage.
Cactus flowers in January to February and fruit setting starts in April. Matured cactus fruits are harvested and eaten starting late May to September. However most are ripe from early June up to end of August. The perfect stages of ripeness lasts only about 2-3 weeks and because there are no special methods of preservation used by the farmers, the maximum shelf life of the fruit is four to five days.
A new plantation of cactus pear cactus gives yield after one to four years depending on the soil type and on the number of cactus pads used for planting.
CACTUS CULTIVARS IN TIGRAY
Cactus plant is widely used mainly in Northern Ethiopia. But despite the widespread use there has been no systematic research or study done to identify and characterize the morphotypes existing in the region. Most of the reports as regards cultivar types are as described by the farming communities who are growing these plant for centuries (Annex 1, 2, and 3).
Generally, however, two types of cactus pear cactus can be identified. These are spineless and spiny cactus where the spineless is believed by many as a recessive mutant of Opuntia ficus-indica, which is normally spiny. Spineless cactus is reported to have many merits as regards pad size, number of branches or stems per plant, productivity and number of fruits per pad (SAERT, 1994) but was also reported to produce fruit only once a year.
The area coverage of the spineless cactus is less than the spiny in Tigray, Northern Ethiopia. This may be because of its susceptibility to animal grazing but it produces very sweet and most acceptable fruit types.
The spiny cactus has got narrow pads and strong spines on the pad and stem but also have some good traits such as production of fruits twice a year, drought tolerance where they give good yields and develop more branches with less rainfall (SAERT, 1994) . Similar source identified six spiny and two spineless cactus cultivars grown commonly in the region (Table, 2 ). Main criteria considered in their identifications were fruit colour, shape, size, taste, seed content, thickness of the peal etc.
CURRENT USE OF CACTUS
In Tigray, 85% of the population still derive their livelihood from agriculture and cactus pear has a higher role in the economic and cultural value of the people for it is commonly used as food, feed for livestock, bee forage, cash income and short time occupation, soil and water conservation, live fence etc.
Human Food
The greater and of course specialized cactus grown in the Eastern and Southern Tigray is important food source for many people during the food grain deficit in the months of May to September (Melaku, 1997) . This period includes the months when food items become depleted before the next harvest is ready for consumption and cactus is the fruit that ends the short-ten-n famine.
Previous surveys (SAERT, 1994) indicated that cactus fruit yield capacity of the order 457, 806 to 610, 408 tonnes and the achievable yield per year of up to 391, 393 tonnes. There are also variations in the manner households consumption of cactus, where it is either eaten as a supplement to other food sources or as a main food in the daily diet of households depending on their wealth. However it is less liked by elders and children if consumed separately, because of its constipation effects.
In some areas of the Eastern zone, households construct temporary houses near their cactus plantations in which the family together with its livestock, migrate and live during the rainy season (Fitsum, 1997) . During their stay in their cactus plantations, obviously both the households and their livestock depend highly on cactus.
In most cactus growing areas of the Southern zone, where natural cactus plantation are abundant, it is mainly used as an emergency food and hence it is freely accessible to every one who has the interest to harvest. Also in similar zones, people from the nearby highlands migrate to the cactus growing areas of the Southern zone at time of food shortage (Fitsum, 1997) .
Feed for Livestock
Cactus have played an ever increasing role in animal nutrition especially since the 1960's, when it served as the main standing feed resource to enable animals survive critical periods of prolonged droughts and dry seasons (Birhane, 1997) .
In Tigray, most of the feed supply for livestock comes from the arable land. And in a year of normal rainfall, about 45% of the total feed supply of cattle in terms of nutrients comes from crop residues and 20% comes from stubble grazing (Melaku, 1997) . The crop residues are utilised mostly in the months of February to early August. During these periods, cactus is the main feed source when the crop residue alternative is not present in the cactus growing zones of Tigray. It is even sold on whole sale basis for the same purpose.
Almost all kinds of livestock can feed on cactus including cattle, camel, sheep and goats but may differ in the stage of growth preferred, further treatment required to increase the palatability and the type of cactus plantation. Cattle and sheep can be allowed to freely graze on a dense natural cactus plantation like that of Mehonie (Southern zone) where they could selectively eat the young and spineless cladodes without any further treatment. But this is not usually the case as such dense plantations are either far away from settlement areas or there could be threats from wild games. And what is commonly practised is cactus used as either fences or grown on homesteads are first burned and then chopped before being delivered to the livestock particularly cattle and sheep. Cacti grown surrounding farmlands are particularly heavily utilised in the Southern zone of Tigray. As a result the cladodes are old, spiny and are hard for cattle, sheep and goat to graze on it. Then the farmers were required to bum and chop the cactus by way of facilitating feeding by the livestock. Burning removes the spines but in addition it may help in softening the old cladodes for the upper layer of wax may be burnt in the process. Melaku (1997) also reported drying the cladodes for a couple of days to cause dropping of the spines. Farmers also supplement their livestock with limited amounts of crop residues and other roughages so that their animals will not suffer from diarrhoea.
The importance of cactus is very considerable in the dry lowlands of Southern zone for farmers do migrate from the nearby districts (with no cactus) to the natural cactus plantation areas with their livestock at times of drought or feed shortage.
Cactus is again a very important feed source for camel, as camel does not discriminate young or old and spiny or spineless cladodes i.e. one will not need to condition or treat cactus for camel feeding.
The Southern lowlands also suffer from sever water shortages for livestock in the dry months of the year. So cactus feeding to livestock may also have an additional advantage, as a water source for livestock in the dry lowlands of the Southern zone for the water content of the pads is very high. It was reported to vary from 80% in the dry season to 90% in the growing season (SAERT, 1994) .
The outstanding value of cactus as a feed for livestock is depicted in the survey studies conducted by SAERT (1994) , which indicated that cactus growers have higher ownership of livestock than non-growers.
Bee Forage
Beekeeping has a long tradition in Tigray. Honey is harvested twice a year provided that there are short showers in April to May. Otherwise beekeeping is much more dependent up on the vegetation growing in the main rainy season which extends from June to September. Honey is harvested in October to December and then comes the dearth periods at which time the bees will not go out for foraging for there may not be flowering plants. The bee colony size is much reduced at this time and the beekeeper may be required to supply sugar and other appropriate feeds to the bees so that they will no abscond. So the fact that cactus flowers in January to February not only helps for the maintenance of the bee colonies but also prevents from absconding and also increases the honey potential of the area. To this effect, honey produced from both cactus-growing zones is best valued as white or table honey and also affords higher price than other types. So is likely cactus to have contributed to increased honey production both in terms of quality and quantity.
Soil and Water Conservation
Cactus is a multipurpose plant, which grows very well in highly degraded and stony soils. The plant is therefore incorporated in reforestation programmes to arrest erosion. At present, for resources of soil conservation measures, planting of cactus pear cactus by different organizations is common (SAERT, 1994) . Among others, the Relief Society of Tigray (REST) and the Regional Natural Resource Conservation and Development Bureau play important role in the expansion of cactus pear cactus for both conservation and production purposes. These institutions use the local administrative channel in their programmes of labour mobilization and participation. And since the plantation of the cactus pear cactus is made on unused steep slopes and semiarid stony lands, it is a good example of efficient land use, converting marginal land into productive land so long as it does not interfere with other uses of the land.
Large areas of steepy and mountainous areas in the Southern zone of Tigray have predominantly been covered with natural cactus plantations, thus preventing serious erosion and degradation from taking place. Some adjacent hillsides were used for eucalyptus plantations after the natural cacti have been dismantled. And the fact that cactus converts marginal land into more productive land have been evident by the successful establishment of the eucalyptus seedlings in the then cactus plantations. Furthermore it is widely believed that cactus grown in stony and semiarid soils produces more sugar and are socially acceptable fruits than those which are grown in deep, and fertile soils.
Live Fences
Farmers in the Eastern and Southern zones of Tigray plant cactus surrounding their crop fields as a protection from livestock damage. The spiny cultivars are mostly used for this purpose. In some areas of the Southern zone, where farmers keep cactus in homesteads or gardens, spineless cultivars planted in rows were seen fenced by spiny cultivars. But Cactus used as fences in crop fields when combined with poor harvesting methods may lead to the expansion of the cactus plants into crop fields as is common in the low-lying areas of Mehonic in the Southern zone. Thus farmers are forced to spend extra energy and labour in the control process.
Source of Cash Income and Means of Occupation
The role of cactus as a cash crop is more common in the Eastern zone of Tigray than in the Southern zone primarily because of its nearness to market (Fitsum, 1997) . As a result the protection and ownership of the cactus is more pronounced in the Eastern zone.
The type of sale is however, on-farm sale but farmers can also take their fruits to nearby markets either on retail or whole sale basis (Fitsum, 1997) . And very recently, small-scale merchants have started taking cactus fruits packed in cartoons to the noncactus growing zones of Tigray such as the Central and Western zones. Though no data is available currently, there seems to be a very lucrative market in these two zones in Tigray. So definitely, the cactus sale to the nearby urban centers in Ethiopia will be highly likely as soon as the post-harvest handling methods are improved.
Surveys made by SAERT (1994) indicated an average cash income generated of the order 130-180 Ethiopian Birr every year by selling cactus fruits between the months of June to September. And this figure does not take into account the values of cactus fruits consumed in the household due to the absence of stable marketing for seasonal surpluses. The income from such sales is mostly used for the purchase of additional food, which will be used as a supplement to cactus.
Cactus is also a means of short-term occupation for the small merchants or the cactus pear cactus sellers who are of all age groups and sex. However young girls and boys get an average income of 6-14 Ethiopian Birr per head per day depending on the weather and quality of the fruit including its freshness (SAERT, 1994) .
POTENTIAL USE OF CACTUS
Cactus fruits and leaves could be used for the preparation of jam, beverages like beer and wine, sweets, soap, and of course napalitos (Atsbeha, 1997) . But the use of cactus to produce red cochineal dye is one of the potentials in Ethiopia.
Opportunities for Cochineal Production in Tigray
In Tigray, 85% of the population still derive their livelihood from agriculture and cactus fruit has become the major income and food source for about three months of the year. Cactus is now part of the culture and livelihood of the people. A large proportion of the households (25-80% in North Central Tigray) has cactus gardens or small plantations. This means that cochineal production will be carried out by a relatively large proportion of the people in Tigray consisting of subsistence farmers or households.
A major reason for the success of Opuntia ficus-indica in Ethiopia is the total absence of any significant insect pests or diseases. This allows the plants to flourish unhindered and explains its aggressive invasive behaviour. This is not the case in its country of origin (Mexico) where the plant is attacked by a multitude of natural enemies that have co-evolved with the Cactaceae. The total absence of pests and diseases can be of considerable advantage to cochineal production in Ethiopia. These favourable conditions should be fully exploited.
A further incentive to establishing a cochineal industry in Ethiopia is that the input costs will be low compared to large commercial cultivations, because the plants used for production will mainly be existing cultivations and wages will be low. In Chile, it costs in the region of US $ 23750 to establish one ha of high yielding cochineal (Zimmerman, 1994) . In Bolivia, the cost for a small farmer (campesino) to establish one ha with traditional farming methods is in the region of US $ 3400 (Flores et al., 1994) . For him to produce one kg of dry cochineal will cost approximately US $ 4.50 -US $ 5.50 as compared to US $10 -US $ 13.50 for commercial producers. In Ethiopia, where existing (wild and cultivated) cactus pear cultivations will mainly be used, production costs are likely to be even lower. Cochineal production in Tigray will be in the hands of subsistence and semi-subsistence farmers who will rely on the existing cactus pear resources. Although the yields per plant may be relatively low compared to countries like Chile and Bolivia, the mere extent of available plants could result in considerable production volumes.
In Bolivia, small farmers recover their investment through the sales of cochineal in five years, with an annual profit of approximately US $ 1280 to US $ 1420 per ha, depending on the technical management (Flores et al., 1994) . The rates of return are between 41% and 61%. These high returns makes cochineal production viable even in marginal areas. High yielding commercial cultivations can only survive in very favourable climatic regions that guarantee high production levels.
Overall Objective
The overabundance of cactus pear in mainly the southern part of Tigray has become an environmental problem. At a workshop hosted by the University of Mekelle in 1997, the improved utilization of this abundant resource emerged as one of the means of addressing the problem. This could include improving the local fruit markets, developing an export fruit market, developing new products, encouraging the use of the cladodes for human food and animal fodder etc. The production of cochineal (Dactylopius coccus) is part of this strategy, namely to add value to cactus pear in Ethiopia. This could change the status of the plant from a weed to an asset and contribute substantially to poverty relief.
Specific Objectives
To improve rural development and upliftment for 80% of the population of Tigray and improve household security.
To involve all sectors of the population that depend on agriculture, but focusing mainly on women.
To establish the basis for small businesses (co-operatives, processing operations and marketing).
To establish a national cochineal company to regulate the overall production, processing and export and to co-operate with other world role players.
To train a network of extension officers to introduce the production of cochineal to the population and to oversee it.
To harness the research capacity in Ethiopia to address particular needs that are specific to cochineal production in Ethiopia, including market research.
To find an alternative solution to the increasing problem of cactus pear invading the environment, and to generate a new income source that can also pay for removing unwanted plants.
To add value to the overabundant cactus pear cultivations.
Project Details
It is important to involve some of the world's most experienced and knowledgeable consultants and organizations in the project, particularly those that can advise on export, production levels, quality control and community involvement. Partners with a good record of accomplishment regarding research on cochineal are also important. It is equally important to learn from similar experiences in countries like Peru and Mexico, where most of the production is in the hands of campesinos.
Model for Cochineal Establishment.
The two production methods according to Zimmerman (1994) are:
Exploit existing surplus cultivations of private landowners (semi-subsistence farmers). Utilize the wild-growing and expendable cactus pear that is naturalized in the escarpment and southern Tigray, mainly on communal land, and that is perceived to be a problem.
Exploit existing surplus cultivations 1. Identify suitable entrepreneurs and collaborators within suitable climatic zones who have surplus cactus pears. 2. Prune the plants to 2-m height, thin out to desired densities and fertilize them. 3.
Establish wind protection where necessary. 4. Supplement these cultivations with new plantings according to a prescribed method specific for cochineal production, using selected cultivars. 5 The insect rearing facility at Mekelle to provide 500 g of fresh, uncontaminated cochineal as starter colonies every three months. 6. Infest every plant with 2 g of producing females according to a prescribed method. 7. Infest approximately 150 plants per cultivation. Each cultivation can be in their first cycle of production within one year. 8. After 4 months, harvest approximately 100 g of fresh cochineal from each plant and use this to infest new cultivations or uninfected plants (7000 plants). Some cochineal must be left on the plants to seed the following production cycle. 9. The production at the first sites should now increase to 150 g of fresh cochineal per plant 8 months after first seeding. 10. A harvest of 10 t of dry cochineal should be attainable 18-24 months after the first seeding. 11. Only fully grown, mature females are harvested.
Exploit Wild-Growing Cactus Pear on Communal Lands.
Large areas in southeastern Tigray are severely invaded by cactus pear and this has developed into a serious problem. The purpose of this part of the project is to add value to these plants by introducing Dactylopius coccus and rearing it on standing plants at selected areas.
The introduction of cochineal into wild-growing cactus plants may include the following aspects: 1. Select sites within the large areas of naturalized populations that] have the most suitable climate and that are in the proximity of villages or settlements. 2. Establish interest groups and elected authorities to steer and support the programme as co-owners. 3. Consult a sociologist to determine the best means of involving the community, and in particular women, in cochineal rearing and harvesting. 4. At selected sites, provide access to plants by partial clearing and pruning of existing stands, resulting in bushy plants not higher than 1.5 in. These plants should be ready for seeding in 18 months. 5. Supply seeding populations of cochineal to the community. Provide the necessary training for temporary mass rearing under roof protection on isolated (removed) cladodes. 6. Seed rejuvenated plants with cochineal about 18 months after pruning. 7. Train extension officers to rear, harvest and dry cochineal and to carry out quality control. 8. Implement extensive training programmes to introduce the principles of cochineal production on wild-growing plants to impoverished communities, focussing on women. 9. Researchers from Mekelle to evaluate production under various circumstances that will prevail in these areas and to make necessary adjustments. 10. Make final recommendations on the feasibility of rearing cochineal on wild-growing cactus pear plants.
CONCLUSION
Cactus has got many uses and currently as food, feed, soil and water conservation to mention just a few. Especially of interest is the value of cactus as human food and livestock feed where it is being a kind of security crop. There of course needs further improvements by way of increasing the utlization of this valuable plant for the fruits shelf life or storability at present farmers condition is extremely short.
There is also an urgent need for a systematic identification, characterization and description of the existing cactus cultivars and at the same time study their suitability's for different purposes such food, feed, cochineal production and other potential uses.
In the cactus growing areas of Tigray, farmers mostly resort to feeding their livestock on cactus during the dry season or in drought periods where feed (residue and stubble) is extremely scarce. But this plant can again be of use even in the other seasons where the livestock are allowed to freely graze that have brought about partly to degradation of natural resources in the region. There is, however, a need to supplement cactus feeding with other feed components for there is a general Investigation of the potential uses of cactus for small-scale farmers and investors is required. Fertile grounds in Tigray for a successful cochineal production include healthy conditions of the plant, a favourable climate and the availability of cactus pear in most small farming systems. Therefore cochineal production in Tigray could follow the same methods as currently found reported in small fanning systems in Peru. To this effect a two-year project proposal have been developed jointly between the South African Plant Protection Research Institute and Mekelle University College and is hence ready for donor funding. 
